An initial estimate of the probe function ! ( ) is required for ptychographic reconstruction using the ePIE algorithm. To achieve this the experimental amplitude was obtained from the inverse Fourier transform of a Ronchigram taken in the absence of the sample (Fig. S7) . The phase of the initial probe function, ! ( ), was calculated using the aberration coefficients measured from the electron-optical microscope alignment 1 immediately before data acquisition.
Multislice Simulation of Diffraction Patterns for Ptychography (bottom-right inset in Figs. 2a and 4c).
Simulated phases (bottom-right insets to Figs. 2a and 4c) were reconstructed from diffraction patterns calculated using the multislice method 2 using code due to Kirkland 3 . Model specimens were constructed as <210> and <010> oriented LaB 6 crystals with a thickness of 10nm, respectively. The incident electron energy was 300 keV. The simulated diffraction pattern was calculated on a 1024 x 1024 pixel array with samplings of 0.085 and 0.215 mrad/pixel, respectively. The phases were subsequently recovered using ePIE as shown in Fig. S8 and 10. To evaluate the effects of the experimentally limited resolution, the reconstructed phase was convolved with a Gaussian function with a full width at half maximum (FWHM) equal to the limiting resolution. The Ptychographic Sampling Condition.
In a ptychographic dataset the strict Shannon sampling restriction, required for conventional coherent diffractive imaging, is relaxed 6,7 for each diffraction pattern. We define the ptychographic sampling requirement using the ptychographic sampling ratio as:
which provides a measure of the extent to which intensity in the ptychographical dataset is Table S1 . Experimental conditions used to record experimental ABF and ptychographic data as described in the text. 
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